In this paper, we look at the role of export composition in the growth process, considering how increased similarity in trade structure among countries can induce catching-up in income levels in a group of countries in transition. We analyze the sectoral export patterns of the Central and Eastern European countries (CEECs) by comparing them to those of the current members of the European Union (EU), focusing on countries' specialization as suppliers for the EU market, and we assess whether similar export patterns foster the catching-up process of the CEECs. Our main result is that similarity in export composition has a positive, significant and non-linear impact on catching-up, and seems to be driven by the growth of the main export market and delocalization of production more than by other factors.
Introduction
The effects of economic integration on the well-being of countries have been studied in economics for a long time. In many economic models the link between a country's growth rates and its level of openness hinges on the characteristics of the country's trade pattern. But in spite of the suggestions coming from theoretical models (Baldwin, 2004) , most of the empirical literature limits the analysis to the effect of aggregate openness indicators on growth. Here we try to bridge theoretical propositions and empirical analysis, by explicitly considering trade structure as a determinant of growth. In this paper, we examine how the processes of economic integration between two country groups affect their specialization, and whether the composition of their exports can affect the speed of catching-up. Building on previous work (De Benedictis and Tajoli, 2007a, b) , we use a particular measure to compare export structures, and we test whether different or similar export compositions affect the catching-up process, 2 testing if, more than openness per se , what should matter in moving income levels closer together is a country's export pattern relative to its main partners, and examining the mechanism underlying this relationship.
The empirical exercise focuses on the Central and Eastern European countries (CEECs) and their integration into the European Union (EU). This integration process is interesting to examine for a number of reasons. The CEECs display strong dynamics both in terms of GDP and changes in trade structures. Since the very early phases of transition, the CEECs opened up significantly to trade, especially toward the EU, changing sharply both the geographic and sectoral orientation of their trade flows. Such a change was not uniform, and in a previous paper we have shown that economic integration with the EU brought about different trade structures in the CEECs (De Benedictis and Tajoli, 2007a) . In the same paper, we have seen that for four CEECs the change in export composition is connected to a specific aspect of integration, the process of delocalization of production undertaken by the EU countries toward those countries, which brought about an increase in bilateral trade flows between the CEECs and the EU. Finally, those countries also experienced a catching-up process toward EU income levels, even if the distance from the EU in this respect is still very large.
Are the above-mentioned phenomena somehow related? Is similarity in export composition affecting convergence in income per capita? These are relevant questions with important policy implications, but to the best of our knowledge they do not have yet a conclusive answer. The empirical evidence for the CEECs and the EU suggests that such a correlation indeed exists and it is quite robust (De Benedictis and Tajoli, 2007b) . Moving from this result, we also explore the mechanisms that might give rise to it. 2 Here we do not explicitly consider income growth rates as we do not apply directly the definition of convergence of Barro and Sala-i-Martin (1995) that economies with lower levels of per capita income tend to grow faster in per capita terms. Instead, we look at relative per capita income levels or differences in income levels, indicating as catching-up the process through which economies with lower per capita income levels close the existing gap. We prefer to follow this approach because for the countries in our sample and over the relatively short time span we consider, the instability in GDP growth rates is too high to give indications about a country's long run growth path.
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Changes in GDP and in trade structure
Integration and catching-up in the CEECs
Rather than trying to assess whether a particular trade structure promotes growth in general (that is, a specific sectoral specialization, such as in Hausmann, Hwang and Rodrik, 2005) , in this paper, we test whether having a similar export composition brings about income similarity within a group of countries. In other words, we take as a working hypothesis the fact that trade structure can positively or negatively influence income convergence toward a group of partner countries taken as a benchmark depending on the similarity of the countries' trade structures. Therefore the choice of the countries to examine and of their benchmark is important.
Our sample is made up of the group of candidate countries for EU-membership in the 1990s: Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic and Slovenia. For this group of countries the choice of the EU as a benchmark was quite immediate for a number of reasons. The process of trade liberalization between these CEECs and the EU was pursued immediately after the collapse of the centralized systems in Central Europe and played a key role in the integration process of the area. Even in the very early phases of transition, when experiencing negative GDP growth rates, the CEECs shifted their trade structures to a remarkable extent, both in terms of exporting industries and in terms of trading partners -something which was not observed in non-transition countries. The CEECs and the EU signed the so-called Europe Agreements in the early 1990s, starting a process of preferential trade liberalization and phasing out of their reciprocal tariffs, so that the EU quickly became the CEECs' main export market.
3 To a large extent, integration though trade flows was achieved well before the formal entry of the CEECs into the EU in 2004.
For the CEECs, the EU represented a target also in terms of standards of living, and income convergence is seen as a goal of the integration process (European Commission, 2004) . Since the mid-1990s the CEECs' economies reverted to positive growth rates and started to converge toward the EU both in terms of productivity and per capita income.
As shown in Table 1 , on an average the CEECs' GDP per capita is less than half that of the EU15 ( μ = 40.4), but it has been increasing during the observation period. The reported values of the standard deviation indicate a substantial
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amount of heterogeneity in the group of countries considered. The sample shows more variation across the i countries (the between variation) rather than over time t (the within variation), confirming very different performances of the CEECs in this respect. If we compare the differences in GDP per capita in the first part of the period with the second half, we observe that within this group the heterogeneity tends to increase rather than decrease. This is due to the fact that the catching-up process was very uneven across countries.
The differences in catching-up rates reflect a number of factors, such as different macroeconomic policies, different investment (both domestic and foreign) rates and different rates of technological catching-up. But the different growth rates might also reflect differences in the industrial structure and in the weight of sectors related to the international specialization of countries.
As far as openness is concerned, with few exceptions the CEECs have been classified as open economies since 1990-92. 4 Considering other openness indicators, such as the import and export flows over GDP, all the CEECs appear to be very open to trade, with the smallest economies being naturally the most open. However, for these countries, the comparable aggregate openness indicators hide large differences in export composition.
An index of similarity in trade structures
The existing literature shows that the CEECs trade patterns have changed quite dramatically since the early phases of transition: the CEECs' export structure has (Funke and Ruhwedel, 2005; Zaghini, 2005) . Normally, evidence on changes in trade structures is presented using a large number of indicators and presenting an array of sectoral specialization indices, but it is not straightforward to find a suitable description of such complex changes in a measure that can be used in empirical exercises. In De Benedictis and Tajoli (2007b), we give evidence of such a dynamic process relying on an index of similarity in export composition for the 10 CEECs considered. Here again we start by examining the evolution of trade similarity over time -from 1993 to 2002 -measuring the distance of a country's export composition from a given benchmark, using sectors' export shares toward the EU15 internal market. We define a self-similarity index (showing how the export composition of a then future EU member changed with respect to the beginning of the transition process) and an EU-similarity index (showing how the export composition of a then future EU member changed with respect to EU export composition), using a transformation of the Bray-Curtis distance index, d xy :
where x and y are two different countries identified by n sectoral export shares (the value of exports in sector i over the value of total exports toward the EU15 market), given by x i and y i . In defining EU-similarity, country x is a CEEC and y is the EU benchmark; in defining self-similarity, country x is a CEEC considered at any subsequent time period and y is always the initial year considered, 1993. The self-similarity and EU-similarity indices are presented in Table 2 . In both the similarity dimensions examined, the differences across countries are remarkable. Once again, the CEECs appear as a heterogeneous group, and this is true also in terms of export structure. The three Baltic Republics represent a group on their own, as their export composition has changed the most since 1993. These countries in 1993 were very different from the EU both in terms of exports and of income per capita. They show little convergence toward the EU in terms of exports, and very different performances in terms of catching-up. Romania, Bulgaria and Slovenia are the countries whose export composition changed the least in the past decade, following a very irregular path. Bulgaria also shows divergence in its export
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composition with respect to the EU, and Romania shows some convergence only in the last few years. 6 The remaining five countries changed their export composition in an EU direction, though to quite different extents. Summing up, there is no generalized trend in the changes observed in the export composition, confirming that the CEECs followed different paths in restructuring their economies, just as they recorded different macroeconomic performances, and that economic integration and export composition can move in different directions.
The observation of the data on relative GDP per capita of the CEECs (Table 1 ) together with the changes in export structure (Table 2 ) might suggest a possible relationship between converging trade structures and catching-up: on average the countries whose export paths are less convergent toward the EU are also the countries lagging behind in terms of incomes. The existence of such a relationship should be tested empirically. In the rest of the paper, we develop the empirical test of this relation over the period 1993-2002 also in order to explore some of the underlying factors that bring about a positive correlation between similarity in export composition and catching-up. 
Econometric analysis
The relationship between export composition and catching-up
The basic expression of the regression we estimate to test the relationship between export composition and catching-up is the following: ,
where GDP jt is per capita GDP measured using purchasing power parities in percentage of the average EU income per capita. This variable -taking values between 0 and 1 -measures directly the existing gap in per capita incomes between the CEECs and the EU at time t , and an increase in its value indicates that the gap is narrowing. EUSIM jt , which is our main variable of interest, is the index measuring the similarity between the CEECs and the EU export composition, and an increase in this index indicates that the trade structures are becoming more similar. If our hypothesis is valid (i.e., similarities in export composition can foster the catching-up process), the estimate of the β coefficient should be positive and significant. X jt is a vector of control variables, which include variables associated with the catching-up process in the theoretical and empirical literature. We include among regressors our index of self-similarity, which should capture the extent of the changes in the CEECs' export composition with respect to their export composition in 1993, the earliest year of transition included in the dataset. Larger changes in the export composition are measured by a lower value of the self-similarity index. The variable openness jt measures the trade (exports + imports) share of GDP, in purchasing power parities. The other covariates influencing catching-up include investment, measured by the share of gross capital formation of GDP, the level of schooling in 1993, and a proxy for the quality of institutions, measured using the 1999 EBRD transition index (EBRD, 2000) . Finally, u jt is an i.i.d. error term. All variables are measured in natural logs in order to facilitate comparisons of partial effects. Specific information on the data sources is presented in the Appendix.
Regression results are reported in Table 3 . Our first regressions only consider the correlation between EUSIM and GDP . The estimates confirm the positive sign of the correlation between catching-up and increase similarity in EU-CEECs trade structure. The EU-similarity coefficient is significant at the 99 percent level and this variable alone explains almost 60 percent of the variance of the dependent variable. Certainly the reduction of the difference in income levels depends on a number of different factors not captured by the EU-similarity variable. Nonetheless, these first results are encouraging in indicating that the trade structure might not be irrelevant in affecting the catching-up process.
The coefficients of EUSIM in the within-and between-estimates (columns 2 and 3 of countries' fixed effects in the regression. In column 4 of Table 3 , we report the estimates of a pooled least squares regression where we also introduced other control variables to capture some of these differences across countries. The sign and the significance of the variables in our control group are as expected. The share of investments over GDP, the percentage of population with secondary education in 1993 and the proxy of the quality of institutions are all positively associated with a higher rate of convergence, and in our regression they indeed appear positive and significant, and they improve the fit of the regression. Also, openness is positively and significantly associated with the catching-up process, especially in small countries. The openness variable interacted with population (measuring the size of the country) displays a negative sign suggesting, not surprisingly, that openness has a diminished effect in large economies. The self-similarity coefficient, capturing the extent of the change in the export composition, is statistically insignificant once the degree of openness is controlled for. The non-significance of the selfsimilarity variable -while EU-similarity maintains its significance -corroborates the conjecture that it is not a change in the export composition per se that matters for convergence, but rather the direction of change.
In column 5 of Table 3 , we introduced countries' fixed effects to check for unobserved countries' characteristics in our panel. As a consequence all time-invariant variables -such as schooling and the quality of institutions -were dropped from the regression. The use of countries' fixed effects significantly improves our goodness-of-fit, and the result of a Hausman test of this last specification against the use of random effects gives support to this choice. Also in the fixed effects specification the EU-similarity variable is strongly significant in explaining the catching-up.
Estimates in column 5 of Table 3 have been checked for non-normally distributed errors, collinearity and heteroskedasticity: the regression always passed the tests. Again, the index of EU similarity -even changing specifications and control variables -is always positive and significant.
The non-linear relationship between catching-up and similarity
As in De Benedictis and Tajoli (2007b), we tested the possible non-linear effect of EUSIM on the dependent variable without imposing any particular constraint on the data in terms of specific non-linear functional form. Instead of using a tree-regression approach, as in Durlauf and Johnson (1995) , we used an additive semiparametric regression, as in Liu and Stengos (1999) . The semiparametric fixed-effects panel estimate has the great advantage of allowing some standard inference.
The resulting regression equation is:
.
The only difference with respect to regression (5) is that the variable EUSIM does not enter the equation linearly. Where g (ln EUSIM) is an unknown function that takes the form of a smoothing spline (Hastie and Tibshirani, 1999) . The smooth 7 We also addressed the problem of simultaneity between openness and income levels (Frankel and Romer, 1999) instrumenting openness via a one period or two periods lag. No major changes in the coefficients or in their significance have been noticed. Since there is a strong presumption of a serial correlation in openness we also used the first difference of the variable as an instrument. In this case the magnitude of the coefficients changes, but the sign and the significance remain stable.
© 2008 The Authors Journal compilation © 2008 The European Bank for Reconstruction and Development
term is modelled using polynomial regression splines, 8 and the semiparametric regression is estimated through a back-fitting procedure (Hastie and Tibshirani, 1999; Yatchew, 1998) , to allow for comparison with a more complex semiparametric functional form with two or more non-parametric terms.
The coefficients of the covariates in column 1 of Table 5 are remarkably similar to that of regression (5) in Table 3 , apart from the direct and indirect effect of openness on catching-up. Regarding the partial effect of EUSIM, the result of the semiparametric regression is plotted in Figure 1 together with 2σ e reference bands. The spikes at the base of the plot represent the frequency of observations. The evidence of a non-linear effect is significant and robust, indicating the existence of multiple regimes. Moving from the left edge of the covariate space, catching-up rapidly increases flattening down at a second stage, and rising again at high levels 8 Splines are piece-wise polynomial functions that fit together at 'knots' (Hastie and Tibshirani, 1999, p. 22) ; for cubic splines -as in our case -the first and second derivatives are also continuous at the knots. of EU-similarity. Similarity in export composition seems to be more effective only after a certain threshold is reached. It is not so important to move 'a little bit' toward the EU export composition; what seems to matter for catching-up is to be sufficiently similar around 0.45 (e −0.8 ) in terms of EU-similarity. The second main result of our analysis is that similarity in trade structure not only matters in reducing the income gap, but its effect on income convergence is magnified as similarity becomes higher. A multiple regime exists among the CEECs catching-up with the EU's per capita GDP, and being similar to the sectoral export composition of EU countries as suppliers for the EU market seems to be the discriminatory factor separating countries that are catching-up from the ones that are falling behind.
The interaction between similarity in export composition and the growth mechanisms
Having found robust evidence on the role of similarity in trade structures in closing the income gap for the CEECs, we now turn to the mechanisms underlying this effect. In the literature there are at least three quite different channels through which similarity in export composition might affect the process of catching-up: by enhancing the scope of technological spillovers and technological transfer; by the matching of export supply and demand; and by providing the insurance given by similar export structures. The first channel links similarity in trade structure and productivity improvements, as trade in similar or identical industries allows exploiting different externalities that can positively affect growth rates. Intra-industry trade exploits economies of scale, enhancing productivity, which can accelerate the growth rate along the transition path. Production sharing and processing trade, which are very important phenomena in the EU-CEECs trade relations and give rise to an important overlap of trade flows, increase the likelihood of spillovers and the access to advanced technology by the CEECs. Similar export patterns can also increase average productivity through increased competition for the firms involved, as suggested by Ben-David and Kimhi (2000) . The effects of increased productivity are directly connected to factors' accumulation. If growth and convergence are driven by factor accumulation and incentives to accumulate depend on returns and prices (Ventura, 1997; Young, 1991) , similar trade specialization brings about a similar incentive structure and can enhance the catching-up process.
If an export composition similar to the EU matters for the catching-up of a country, because this allows for more knowledge and technological spillovers through trade, we expect the weight of the sectors where such spillovers are stronger to play a positive role. Therefore, in the following regressions we use the share of high-tech goods (computers, electrical machinery, aerospace, pharmaceuticals and precision tools) in the total exports of each country to capture this effect.
Another important channel for spillovers which also tends to make export patterns more similar is outward processing trade (OPT), both in the form of intra-firm trade
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and outside the FDI channel. Through OPT, goods belonging to the same merchandise group are exported by a country to be processed abroad and then re-exported by the processing country, therefore appearing in the export vector of both. The processing of intermediate foreign goods coming from the EU15, extensively undertaken in the CEECs, is an important vehicle of technology transfer. On an empirical basis FDI and OPT are highly collinear and therefore we introduced them one at a time as covariates in the regression. Since OPT partial estimates were highly significant while FDI were not, we use only the former as a proxy for technological transfer through international production sharing.
The second channel connecting export similarity and convergence enhances the demand-side effects, rather along the lines first suggested by Linder (1961) and more recently developed by Markusen (1986) . The matching of export supply and import demand allow an increase in trade volumes and the exploitation of the scale effects built in endogenous growth models (Rivera-Batiz and Romer, 1991) . Therefore the positive dynamic consequences of trade are more likely to take place if the goods exported by a country are matched by a large and growing demand in its export market. The role of demand in the export market is further enhanced when export composition is driven also by delocalization of production undertaken by firms active in the same market. In this case, demand in the final destination market is a common factor influencing both the delocalization decisions and the flow of exports consequential on the delocalization process. If similarity in trade structures reflects this matching of supply and demand, a lagging country can speed up its catching-up process as long as its trade structure becomes more similar to that of advanced countries, as this will expand the opportunities offered by trade, and a dynamic demand in the main export market should enhance the catching-up process. As a proxy for the dynamics of demand in the EU market, we use the EU15 GDP growth rate.
Finally, a country having an export composition similar to the one of its trading partners enjoys an implicit form of insurance being exposed to similar business cycle phases and to shocks, reducing the number of divergence factors.
9 Such an insurance through trade is more needed when other forms of insurance are missing. Therefore, to capture the importance of similarity in export composition as an insurance mechanism, we introduce a proxy of the availability of other forms of insurance, measured by an index of development of financial markets or of the banking sector.
In the last part of our empirical exercise, we introduce in the regression the additional controls related to these mechanisms, interacting them with the EUsimilarity variable. The significance of a specific interaction term indicates which channel enhances the role of similarity in export composition. The presence of
non-linearity in the coefficient of EU-similarity suggests that interaction terms should capture these effects, giving also some indications about the channels that play a significant role.
As shown in Table 4 , our proxies are weakly positively correlated with relative GDP per capita and with the EU similarity index, with the exception of OPT, displaying a negative correlation. In Table 5 , we report the results of the regressions using one by one each of these control variables interacted with the EU-similarity index. It is worth noticing that our main result still holds using these interactions terms: the coefficient of the EU-similarity variable is once more significant and positive. The comparison of the different interaction terms shows that a similar export composition matters for catching-up especially when it allows exploiting the growth of demand in the export market and when OPT (a deeper form of integration) takes place. The role of EU-similarity is not driven by the growing weight of high-tech sectors, as the non-significance of the interaction term between the high-tech share in exports and EU-similarity shows.
Only when in the last regression all the interaction terms are introduced simultaneously, does the EU similarity index totally lose its significance. Our interpretation of this result is that our hypothesis about which are the main channels through which a similar export composition affects the catching-up process is confirmed.
Conclusions
Both empirical evidence and theoretical models suggest that the relationship between trade and growth might be a contingent one, depending on a host of specific circumstances. Trade models indicate that different models of specialization have diversified effects on factor prices and therefore factor accumulation, suggesting that one of the specific circumstances affecting the trade and growth relationship might indeed be the pattern of trade. In this paper, we test this hypothesis for the case of the CEECs and the EU. The CEECs have been converging toward EU income levels during the 1990s at different speeds. The EU is also the main trade partner of these countries, and their export flows toward the EU market have been increasing, but these flows also displayed different characteristics. Our empirical analysis shows that a measure of export composition similarity between the CEECs and the EU is positively and significantly associated with the convergence process of these countries in terms of income: the CEECs whose export composition is closer to the EU enjoyed a faster catching-up process. Results also show that this impact is non-linear, yet it is robust controlling for investment, schooling and the quality of institutions. Theoretical analyses suggest various reasons behind this result, but the proper mechanism driving the observed link needs to be further explored. The use of variables that proxy the possible different mechanisms indicates that matching the demand of the main export market plays an important role. How economic integration affects convergence and catching-up between countries is a very sensitive issue. In the EU, income convergence is one of the main challenges, as wide gaps in income levels and living standards among members can put strain on the whole process of European integration. This could be true also in other circumstances of integration between countries at different stages of development. Further research could therefore also consider whether these results for the CEECs and the EU can be generalized to other episodes of economic integration.
